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The use of the determination of pancreatic lipase catalytic activity (EC 3.1.1.3) in serum or plasma is now well established in diagnosis and monitoring of acute pancreatitis [1] [2] [3] [4] [5] [6] . Lipase assays are mostly performed in routine use with turbidimetric [7] or colorimetric [8] procedures. Both methods need a calibrator to transform the rateof absorbance variation (,.A/t) into units of catalytic activity. Several comparative studies have demonstrated a considerable between-method discrepancy [5, 6, 9] , a fact that limits the efficiency of plasma lipase measurement in the diagnosis of acute pancreatitis. Noncomparability of lipase results may he mainly clue to the lack of a reference method for the titration of calibrators and to the use of materials that exhibit differences in catalytic properties. The catalytic properties of two commercially available calibrators and of a home-purified preparation of human pancreatic lipase (HPL) were defined to determine if similar optimized conditions may be retained for the titration of these materials.' This step was carried out because calibrators provided by the industry were not titrated by the same titrimetric method. Lipase catalytic activity of 50 plasma specimens was determined with two routine procedures. Catalytic activities of plasma specimens were then computed, by using the titers of calibrators determined under the same titrimetric conditions. The intermethod relations of both calibrators and HPL were then compared with that of patients' specimens. This characteristic, known as commutability, is a prerequisite for the selection of a material intended for calibration [10] . This approach was chosen not only to identify the cause(s) of between-method discrepancy but also to correct them.
Materials and Methods

SAM PLES
Patients. The study was in line with the ethical principles of the
Helsinki Declaration
as revised in 1983. Blood samples were collected into tubes containing lithium heparinate. Plasma samples with increased lipase catalytic activity from 50 patients were retained to obtain a regular distribution of lipase activity within the range of linearity common to the two routine methods. Plasma samples were kept frozen at -26 #{176}C until analysis. Table  1 . Each plasma sample, HPL, and calibrator was assayed in duplicate in two successive runs.
Calibrators
Titrimetiy.
The procedure was performed by continuous titration at constant pH (9.4) with an automated titrator DL-2 1 in the presence of DOC at inhibiting concentrations, was then defined. The optimal calcium concentration was finally determined.
Effect of DOCconcentration.
In the presence of 100 gIL emulsified olive oil, the addition of DOC had different effects, depending on the considered calibrator (Fig. 1A) . Up to 20 mmol/L DOC (final concentration), lipase catalytic activity increased with remarkably different amplitudes. Activation by DOC was very pronounced for HPL (about 11-fold increase) and slight for porcine calibrator (1.6-fold increase). At higher concentrations, DOC was inhibitory, this effect being complete at 70 mmol/L for HPL and at 140 mmol/L for both Boehringer and Sigma calibrators. This concentration was retained to study the lipase reactivation by colipase.
Effect of colipase concentration. In the presence of 100 gIL olive oil and 140 mmol/L DOC, lipase catalytic activity was restored by colipase for the three materialsin a different manner (Fig. IB) .
A plateau was observed between 6 and 12 ing/L colipase for the Sigma calibrator, whereas 10 mg/L was necessary to obtain maximal lipase activity for HPL. The Boehringer calibrator exhibited an intermediary pattern. We retained 10 mg/L colipase for the following assays. 
Effect of cakium concentration.
In the presence of 100 g/L emulsified olive oil, 140 mmol/L DOC, and 10 mg/L colipase, CaCl2 increased lipase catalytic activity (Fig. 1C) . This effect, which was noticed for the three lipase-containing solutions, was threefold more pronounced for the Boehringer calibrator than for HPL, with the Sigma calibrator showing an intermediary dependency.
Profiles of human origin materials (HPL and Sigma)
were similar, in contrast to the porcine calibrator (Boehringer), whose lipase activity was inhibited when the calcium concentration was >2 mmolIL. CaCI, at 2 mmol/L allowed maximal lipase activity for the three materials under the above-mentioned conditions.
Optimum pH. The effect of pH of the reaction medium on lipase activity was investigated by titrimetry at 37 #{176}C between pH 8.6 and 10.0 in the presence of 100 g of olive oil, 140 mmol of DOC, 10 mg of colipase, and 2 mmol of CaCI2 per liter of reaction medium. Maximal activity was observed when the pH was fixed at 9.4 for the three preparations (Fig.ID) . Nevertheless, profiles were different, depending mainly on the calibrator origin (human or porcine).
PATIENTS' SPECIMENS
Between-method comparability of raw patients' results. Betweenmethod comparability of patients' results by turbidimetry and colorimetry was first evaluated under the conditions proposed by the manufacturers. Data indicated that the two methods were strongly correlated (r = 0.93 7), but also that results were highly method-dependent, despite the procedures being performed at the same temperature and on the same analyzer. When assayed with Boehringer and Sigma kits, a between-method ratio of 2.39 was obtained.
Effect of common titration method of calibrators on comparability of patients' results.
To evaluate the influenceof the method of titration used for the calibrator, Boehringer and Sigma calibra- retaining conditions that were defined above (100 g/L olive oil, 140 mmol/L DOC, 10 mg/L colipase, 2 mmol/L calcium chloride, pH 9.4, 37 #{176}C). Table 2 shows that optimal common conditions for titration of calibrators increased the titers considerably, compared with those indicated by the manufacturers for the two commercial calibrators. Moreover, the original titer of the Sigma material, which was 1.6-fold lower than the one of the Boehringer preparation, was at optimal common conditions 1.9-fold higher.
Patients' results determined by the two methods were recalculated by using for each calibrator the titer as determined under optimal common conditions. The data in Table 3 indicate a significant reduction of the method dependency of results of lipase catalytic activity.
Effect of use of common calibrator on comparability of patients' results.
Between-method relations of the calibrators were compared with that of patients' plasma. The ratios of patients' results obtained with the two methods were computed and plotted as a function of results obtainedwith one method (Fig.2) .The three materials were also represented on the same diagram. The mean value ± I SD of the ratiosfor individual patients' results was Table 2 . Titers of three lipase preparations intended for calibration.
Routineconditions8
Optimized conditionsb ping that of patients' specimens, whereas this was not the case for the porcine material (Boehringer).
Results for patients obtained with the two methods were recalculated with each of the three materials as calibrator. The datain Table 3 indicate thatdifferences between methods varied with the calibrator used. Both materials of human origin gave the best results. HPL was very convenient for the improvement of comparability; the between-method ratio was 1.01. On the contrary, the use of the Boehringer preparation as common calibrator did not result in satisfactory coherency.
Discussion
The two tested kits involved the same approach to determine lipase catalytic activity. Both included detergents at supramicellar concentrations to inhibit all the lipolytic activities, and colipase to reverse the inhibition of pancreaticlipase. Methods differed essentially according to the kind of substrate and the source of enzyme calibrator. The substrate of the turbidimetric procedure was triolein and the calibrator was prepared from porcine pancreas, whereas diacyiglycerol and a human pancreatic lipase were used in the colorimetric method. [4, 6, 9, 13, 14] .However, results of patients' catalytic activities differed with the procedure used, a fact that has already been reported [4, 6, 9, 14] .
The present study indicates that although catalytic properties of calibrators were different, optimal common analytical conditions may be retained for their titration.
Retaining the titers determined in these conditions for each calibrator led to greatly reduced between-method discrepancy of patients' results. In other words, a preponderant cause of between-method discrepancy was the difference in the mode of titration of lipase calibrators. A referencetitrimetric procedure should be accepted to improve comparability of lipase assays. Neuss, Germany). However, a common titration procedure for the calibrators was not sufficient to ensure a complete between-method comparability.
An intermethod behavior of the intended calibrators similar to that of patients' specimens is also required. To determine if this requirement was fulfilled, the intermethod behavior of calibration materials was compared with that of patients' specimens. Results indicated that this criterion was best fulfilled for HPL. Thus, the preparation of validated calibrators for some routine lipase assays seems feasible.
The commutability of an enzyme calibrator involves a priori conditions concerning its catalytic properties, as they must be as similar as possible to those of the enzyme that has to be determined [10, 15] . We recently demonstrated that HPL exhibited catalytic properties very close to those of lipase activity present in plasma samples from subjects with acute pancreatitis [16] . By using this material as calibrator for both methods under routine conditions, it was possible to improve comparability of patients' results. On the contrary, data obtained in this study suggest that the choice of a di-or triacylglycerol as substrate did not seem to be a critical factor in terms of method dependency of results.
The two tested commercial preparations exhibited some differences in their catalytic properties when compared with HPL. When they were used as calibrators for both methods, they did not allow comparability of results as good as that observed after calibration with HPL. The farther the catalytic properties were from those of HPL, the less the coherency of results was improved.
This study shows that verification of the similarity of intermethod behavior to that of patients' specimens must be carried out for a material intended for calibration.
Comparability of lipase results could be dramatically improved when using suit- 
